The asymmetric unit of the title compound, H 5 )(C 10 H 14 )(C 37 H 31 P 2 )]PF 6 , contains two independent, geometrically similar Ru II complexes of a chiral ferrocenyldiphosphane with piano-stool coordination through the 6 -bound p-cymene ligand, two chelating phosphorus donor atoms, and an exo-oriented chloride ion. The mean bond lengths of the two Ru complexes are Ru-C = 2.276 Å , Ru-P = 2.3816 Å , and Ru-Cl = 2.3924 Å . Both chloride ligands form only intramolecular C-HÁ Á ÁCl interactions. Seven weak intermolecular C-HÁ Á ÁF interactions involving mainly arene H atoms consolidate the crystal packing, which reveals an approximate c/2 pseudo-translation relating the two independent Ru complex molecules.
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Experimental
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emerged as valuable ligands of platinum group metals applied in a variety of important catalytical asymmetric transformations (Togni, 1996; Blaser et al., 2002; Blaser et al., 2007; Dai & Hou, 2010) . One of their advantages is that they can be modularly designed and synthesised to give larger ligand families like the well known Josiphos ligands, one of which serves the highly efficient industrial production of the enantiopure herbicide (S)-metolachlor in thousands of tons per year (Blaser et al., 2007) . The diphosphine ligand of the title compound belongs to another such family known as the Walphos ligands (Weissensteiner et al., 2002; Sturm et al., 2003; Wang et al., 2008) . Within this family, the ligand of the title compound has obtained the designation Walphos SL-W002-1 [chemical name: Solvias, 2011] , of which a CF 3 -substituted derivative (Walphos SL-W001-1) is now in use in a Rh catalysed key step of the industrial synthesis of the chiral hypertension drug aliskiren (Blaser et al., 2007; Wang et al., 2008) . While in previous crystallographic research only mononuclear PdCl 2 and PtCl 2 complexes of Walphos-type ligands were structurally characterised (Wang et al., 2008; Maddox et al., 2008) , it was now of interest to determine the crystal structure of a Ru half-sandwich complex of this ligand family. Since all attempts to crystallise a Ru-η 6 -arene complex of Walphos SL-W001-1 failed, the title compound, (I), a Ru(II) complex with p-cymene and the Walphos ligand SL-W002-1 (Scheme 1) was successfully crystallised and studied by X-ray diffraction.
The title compound, (I) crystallizes with two crystallographically independent Ru complexes of very similar overall geometry (Table 1 and Figs. 1, 2 and 3). In both molecules, the Ru(II) reveals a three-legged piano-stool coordination with the η 6 -bound p-cymene ligand, the two chelating phosphorus donor atoms, and an exo-oriented chloride ligand. The bond lengths of the two Ru complexes are in the ranges Ru-C = 2.235 (2) -2.329 (2) Å (mean value 2.276 Å), Ru-P = 2.3725 (5) -2.3896 (5) Å (mean value 2.3816 Å), and Ru-Cl = 2.3880 (5) -2.3967 (4) Å (mean value 2.3924 Å). The bond angles P-Ru-P (102.34 (2)° and 101.02 (2)°) are systematically larger than the angles P-Ru-Cl (80.41 (2) -83.26 (2)°).
These values correspond well with those found in [Ru(p-cymene)(PPh 3 ) 2 Cl](BF 4 ) [refcode ESCOLUT (Lalrempuia et al., 2003) ] and related complexes [refcodes HAJCUQ (Jensen et al., 1998) , SIGJUO and SIGKEZ (Chaplin & Dyson, 2007) ; Cambridge Structural Database, Version 5.31, with Aug. 2010 updates; Allen, 2002] . Interestingly, they all, including (I), have the isopropyl group of the p-cymene ligand placed approximately over the Ru-Cl bond. It appears that this feature is not due to electronic rather than steric reasons, namely least steric congestion by the P-bonded phenyl rings in the vicinity of Cl. The P-metal-P triangle in (I) adopts an exo-orientation, which turns its tip (Ru) away from the line through the centroids of the two ferrocene cyclopentadienyl rings. In the PdCl 2 and PtCl 2 complexes of Walphos-type ligands [refcodes JOFYAF and JOFJEY (Maddox et al., 2008) ; QODHIB, QODHOH, QODHUN, QOFRIN (Wang et al., 2008) ] this triangle as part of a distorted square-planar metal-P 2 Cl 2 coordination is with its tip (Pd, Pt) turned toward this line. This change in the metal position is enabled by a significant flexibility of Walphos ligands, which normally form eight-membered chelate rings.
Evidence for this flexibility is provided by tetranuclear Ru cluster complexes, where Walphos ligands bridge the two Ru supplementary materials sup-2 atoms with a P-P bite distance of ca 5.6 Å (Moberg et al., 2007) , whereas in mononuclear complexes like (I) this distance is about 3.7 Å.
The crystal structure bears some pseudosymmetry because the complexes of Ru1 located near z ≈ 0, 1, etc (Figs. 4 and 5) show similar orientations and spatial arrangements like the complexes of Ru2 located near z ≈ 1/2, 3/2, etc, leading to a pseudo-translation of c/2. However, in closer detail the differences between the structure segements near z ≈ 0 and z ≈ 1/2 are considerable, as can be seen for instance by comparing the y-coordinates of Ru1 and Ru2(-x, y + 1/2, -z), 0.749937 (8) versus 0.781768 (9), corresponding to a difference of 0.50 Å, or the phenyl ring positions of Ru1 and Ru2 complexes relative to the unit cell box, e.g. along the blue z-axis (Fig. 5) . Moreover, the spatial orientations of the PF 6 octahedra of P5 and P6 are entirely different and violating the c/2 pseudo-translation. Apart from this pseudosymmetry, the crystal packing of (I) bears no especially remarkable features. Both chloride ligands form only intramolecular C-H···Cl interactions and seven weak intermolecular C-H···F interactions involving mainly arene hydrogen atoms consolidate the crystal packing (Table 2) .
A suspension of [RuCl 2 (p-cymene)] 2 (23.3 mg, 0.04 mmol) and silver nitrate (12.9 mg, 0.08 mmol) in methanol (2 mL) was stirred at ambient temperature for 1 h. After filtration the filtrate was added to a suspension of Walphos SL-W002-1 (50.0 mg, 0.08 mmol) in methanol (2 mL). The resulting mixture was stirred for two hours resulting in a red solution. This reaction mixture was again filtered and a solution of ammonium hexafluorophosphate (37.1 mg, 0.2 mmol) in methanol (1 mL) was added to the filtrate. Partial removal of the solvent under reduced pressure induced precipitation of the orange complex, which was filtered off, washed with cold methanol and diethyl ether and dried in vacuo (42 mg; 59%). Crystals suitable for X-ray diffraction were grown by vapour diffusion of hexane into a saturated dichloromethane solution. 
Refinement
H atoms were located in a difference Fourier map, placed in calculated positions and thereafter treated as riding, C-H = 0.95 -1.00 Å. A torsional parameter was refined for each methyl group. U iso (H) = 1.2U eq (C) for CH groups; U iso (H) = 1.5U eq (C) for CH 3 groups.
supplementary materials sup-3 Figures   Fig. 1 . The asymmetric unit of (I) with displacement ellipsoids at the 50% probability level. Hydrogen atoms omitted for clarity. Fig. 2 . View of the complex of Ru1 with displacement ellipsoids for the non-hydrogen atoms at the 50% probability level and hydrogen atoms as spheres of arbitrary radius. The intramolecular C-H···Cl interaction (dashed line) has C20···Cl1 = 3.449 (2) Å. 
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